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What is a macaque? Macaca 
is the geographically most 
widely distributed genus of  
non-human primates. When 
these close relatives of baboons 
and mangabeys migrated out of 
Africa about 6–7 million years ago 
they left the Barbary macaque in 
northern Africa; all other 22 extant 
species settled or emerged in 
south, east and south-east Asia. 
 Macaques deviate from 
common conceptions of monkeys 
as swinging or jumping canopy 
dwellers: wherever they go they 
walk on their legs and arms, which 
are almost equally long. Where the 
forest disappears they move into 
the mountains or follow man into 
his cities. Hence macaques are a 
widespread, not always welcome, 
sight across Asian cities. 
 Hindus and Buddhists worship 
macaques as companions of Lord 
Hanuman, who helped to reunite 
Prince Rama with his abducted 
wife Sita. But where macaques 
and humans get too close, it is 
usually not peaceful at all. Driven 
out of their natural environment, 
macaques raid crops and beg for 
and steal food, and humans are 
often harassed by these fearless 
and determined monkeys. 
 The adaptability of macaques 
to different habitats, climates 
and diets accounts also for 
their prominent role as an 
easy- to- breed resource in 
biomedical research. In blood 
typing, for example, we make use 
of the rhesus factor which was first 
discovered in a rhesus macaque. 
Macaques joined NASA missions 
into space in their studies of the 
effects of weightlessness on bodily 
functions. The first primate that 
was cloned was a macaque, and 
the first transgenic primate was 
a rhesus macaque with jellyfish 
genes. 
What can macaques tell 
us about neurophysiology? 
Neurophysiology owes a lot to 
macaques as they are the main study group for research on the 
auditory and visual systems of 
non-human primates. For nearly 
40 years, the properties of single 
neurons in the macaque cerebral 
cortex have been extensively 
probed and catalogued. 
Many macaques have been 
trained to perform visual or 
auditory perception tasks. The 
medio-temporal area of the 
visual cortex, a highly specialized 
subsystem for the analysis of 
motion in the visual field, has 
been particularly intensively 
investigated in the rhesusmonkey. 
This area containsa very high 
proportion of direction- selective 
neurons — cells that encode 
the direction of motion within 
their receptive fields. Studies 
of trained rhesus macaques 
indicate  that spatial, as well 
as feature-based, attention 
increases neural responses for 
attended stimuli. Macaques have 
also been used to investigate 
the physiological representation 
of dissonance or consonance in 
musical chords, addressing the 
question of why some musical 
chords sound pleasant while 
others do not.
What about macaque behaviour 
in the wild? Japanese macaques 
were the first primates to be 
identified individually and 
observed and followed throughout 
their lives in the wild. These 
pioneer studies set off the first 
wave of long-term field studies 
on non-human primates. Early 
results from these studies ignited 
the discussion on the evolution 
of culture. Japanese macaques 
spontaneously developed 
habits such as washing sweet 
potatoes before consumption 
or ‘placer-mining’ to rinse off 
dirt from wheat provisioned on 
sandy beaches. These seemingly 
insightful behaviors were absent 
in other populations; they first 
spread mainly horizontally by 
imitation learning, and were then 
passed down from mothers to 
offspring over several generations, 
making it a localized tradition or 
cultural trait. Apart from these 
‘useful’ behaviors that may serve 
some survival function, macaques 
also develop and cultivate 
recreational activities such as stone handling, which may be 
perceived as a pastime behavior 
comparable to humans smoking 
or fiddling with worry beads in 
their leisure time.
What do we know about 
macaque personalities? In both 
humans and macaques, anxiety-
related personality traits have 
been linked to a polymorphism 
in the promoter of a gene 
encoding a serotonin transporter 
protein. Early studies found very 
small effect sizes suggestive of 
polygenic effects, some kind of 
population stratification or strong 
gene–environment interactions. 
Early experience and sex seem to 
influence the association between 
the polymorphism and anxiety. 
Macaque males carrying the short 
allele react to stress — separation 
from their social group in captive 
environments — with relatively 
strong adrenocorticotrophic 
hormone responses. Short allele 
females, however, do so only 
if they experienced adverse 
conditions early in life (deprivation 
from mother). Interestingly, in 
a semi-free ranging population 
on Cayo Santiago Island, short 
allele males emigrate from their 
natal group earlier: what appears 
to be a courageous thing to do 
may actually be a way of avoiding 
tension in the natal group. 
Macaque social life — all in 
the genes or all about food? 
Social relationships among 
macaques are amazingly 
variable. Some species, such as 
rhesus or Japanese macaques, 
appear to our eyes to be nasty, 
rude and unforgiving, with high 
rates of aggression and clear 
hierarchies. Others, for example 
the various species of Sulawesi 
macaques, maintain rather fuzzy 
dominance relations — social life 
in the group is characterized by 
tolerance, and reconciliation is 
an important part of their social 
repertoire. According to these 
contrasting behavioral suites 
macaque species are classified 
on a continuum from ‘despotic’ to 
‘egalitarian’.
 Intense fieldwork on longtailed 
macaques inspired the formulation 
of a socioecological model which 
links the observed variation in 
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Social insects have several 
advantages over solitary insects. 
The presence of many individuals 
can increase system reliability, 
and work can also be organized 
more efficiently through division 
of labour and task partitioning. 
PrimerMale stumptail macaques from Thailand. Despite a clear dominance hierarchy stump-
tail macaques are tolerant and reconcile frequently after conflicts. (Photos by Oliver 
Schülke, MPI-EVA.)Another advantage is the possibility 
of sharing information, especially 
communicating where food 
can be found. But research is 
increasingly showing that foraging 
communication does more than 
merely direct nestmates to food. 
It also allows the colony to regulate 
total foraging activity, to retain a 
memory of previously rewarding 
locations, and to select among 
locations of different profitability. 
In this primer, we first provide a 
brief historical perspective, then 
focus on recent research that has 
uncovered remarkable richness 
and sophistication in ant foraging 
communication, and finally identify 
some key questions for further 
research. 
The study of foraging 
communication in social insects 
has a long history. In the 1880s the 
eminent Victorian John Lubbock 
(Baron Avebury) showed that 
ants used odour trails in foraging. 
His contemporary Wassmann 
even believed that ants had a 
sophisticated language encoded 
by antennal tapping, somewhat 
like Morse code. Far-fetched as 
Wassmann’s idea may seem, the 
subsequent discovery by Karl von 
Frisch that honeybee foragers use 
waggle dances to communicate 
both direction and distance of food 
sources showed sophistication in 
communication that seemed barely 
credible for an animal, let alone an 
insect. Von Frisch went on to win 
the 1973 Nobel Prize for physiology 
or medicine for this discovery. 
Research into chemical 
communication developed 
rapidly in the 1960s following 
the identification of the first two social relationships or dominance 
styles to variation in food 
resource characteristics, such 
as the distribution, abundance 
and quality of food resources. If 
resources are of high quality and 
spatially clumped, for example, 
they are monopolizable by an 
individual, which usually leads 
to a dominance effect on food 
intake, because higher ranking 
individuals have preferred access. 
In this case, it will pay to be of 
high rank and maintain despotic 
dominance relationships. More 
egalitarian relationships are 
expected, for example, if low 
quality resources are more evenly 
scattered in the environment and 
hence fighting for access is not 
worth the effort. 
Given the lack of long-term 
field studies on macaque 
species — with only very few 
examples — a thorough test 
across species is still pending. 
An alternative model, the 
phylogenetic hypothesis, on 
the contrary proposes that the 
variation in social relationships 
is a consequence of phylogeny, 
with more closely related species 
showing more similar social 
patterns. So far, three broad 
species groups have been 
identified, the silenus-sylvanus 
group, which presumably 
is the oldest lineage, the 
sinica-arctoides group and 
the fascicularis group, which 
presumably includes all the nasty, 
despotic species. Cross-species 
comparison of captive macaques 
indeed shows evidence for 
conservative traits, such as rank acquisition or dominance relations 
between the sexes, which suggest 
at least some phylogenetic inertia. 
The possible influence of ecology, 
however, has not been tested in 
these studies on captive groups. 
So the debate continues. 
Is there a macaque genome 
project? After the chimpanzee, 
rhesus macaques are the 
second non-human primate 
whose genome sequence now is 
available. A multi-centered team 
just recently deposited a draft 
version into databases accessible 
to the public. The rhesus genome 
shares about 92–95% of its 
sequence with that of humans 
and more than 98% with the 
chimpanzee genome.
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